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Thermal Control for Storage of Cryogenic Propellants 
in a Multiple-Tank System - A Concept 
There are many refrigeration system concepts which 
can be applied to a ground-hold system for an oxygen 
difluoride-diborane (0172-1321 ­16) propulsion module 
containing multiple tanks. For example, one concept 
involves the direct injection of liquid nitrogen or cold 
gaseous nitrogen into an insulation envelope surround-
ing the propellant tanks. Oher concepts involve 
closed-loop systems, electromechanical refrigeration, 
and ground condensation-and-return of propellant 
boioff. If design requirements and objectives are to 
be met, however, electromechanical refrigeration and 
propellant boioff return systems must be dismissed 
because of their dependence on power sources and 
because of hazards present in any overly complicated 
propellant handling system. These shortcomings ap-
pear to be absent in the single-pass and closed-loop 
system concepts. 
The single-pass liquid nitrogen system, although 
appropriate for storage in a common-bulkhead tank, 
is not suitable for a multiple-tank configuration be-
cause of the complexity of the mechanical and ther-
mal systems needed to provide proper distribution of 
heat input to the liquid nitrogen (LN2). It is difficult 
to assure uniform mass temperature of the propel-
lants, and localized subcooling and freezing of the 
B2H6 at LN2 temperature may result in a serious 
curtailment of heat transfer. Other refrigerants for 
single-pass systems have been investigated, but they 
have been set aside because of cost, toxicity, and re-
activity with the propellants. Closed-loop systems 
have also been examined, but they require a power 
source to drive the loop; moreover, they are difficult 
to control and are complex as well as expensive to 
install and operate.
The proposed design utilizes the advantages of 
single-loop and closed-loop systems, and employs 
single-pass LN 2 refrigeration to cool a gravity-fed 
closed-loop system with Freon-14 used as a secondary 
Normally Open Refrigerant 
Vent Valve and Emergency 
Bypass
Safety Valves	 Relief VaIv3s 
cF4i	 LN 
Perlite/ Vacuum 
Jacket 
To Rocket	 Normally Open Refrigerant Supply 
Propellant	 Valve and Emergency Bypass 
System 
refrigerant. As shown in the diagram, the unit consists 
essentially of two refrigerant tanks enclosed in an 
outer vacuum shell insulated with SO-mesh evacuated 
perlite. The primary refrigerant tank holds LN2 main-
tained at 92°K and 310-kN11n (45-psig) by back-
pressure relief valves. The secondary tank contains 
Freon-14 (CF.1 ) as refrigerant, for the heat exchanger 
coils on installed rotioti module tanks. 
lit operation, a 1)r('SSU1C controller compares the 
tillage presslin' in the Freon tank with the desired 
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setpoint pressure (temperature), and opens or closes 
the LN2 supply valve to the refrigerating coil in the 
Freon tank to maintain the set vapor pressure. The 
Freon, maintained at a constant ullage pressure and 
liquid temperature, is allowed to free-flood the flight 
refrigeration system, maintaining both propellants 
at the desired setpoint temperature. Prior to liftoff, 
the liquid-supply valve to the flight system is closed, 
allowing the remaining liquid in the flight system to 
boil off and vent back to the refrigerant storage tank. 
At liftoff, the refrigeration vent valve is closed, isolat-
ing the Freon-14 storage tank. Both flight system 
lines and ground lines are free to vent to the atmos-
phere through the liftoff disconnects. 
Loss of refrigerant from any cause (line rupture, 
etc.) would result in a slow rise in propellant temper-
ature and pressure. Assuming 5 cm (2 inches) of foam 
insulation on a tank of about 0.6 rn3 (25 ft3) volume, 
it will require at least 24 hours for OF2 pressure to 
rise to 1.0 MN /M2 (150 psig); hence, with an assumed 
tank working pressure of 2.8 MN/m l, a tank pressur-
ization factor of more than 2 for personnel working 
in the area is provided. An equivalent B2H6 tank 
would require at least 48 hours to rise to the same 
value. In less than one day, the refrigerant lines can 
be replaced or a spare thermal control unit can be 
installed. 
The system offers advantages of no propellant loss, 
small low-pressure lines with nontoxic fluids and 
simple disconnects, independence from power re-
quirements, fail-safe operation, low operating costs,
control by fFght or ground system sensing, and con-
trol range of 92°K to 156°K (adjustable to freeze 
B211 6 if required). 
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